Low temperature synthesis of Li and Cl added Bi-2212 superconductors  by Noro, Masaki et al.
 Physics Procedia  27 ( 2012 )  148 – 151 
1875-3892 © 2012 Published by Elsevier B.V. Selection and/or peer-review under responsibility of ISS Program Committee
doi: 10.1016/j.phpro.2012.03.432 
ISS2011 
Low temperature synthesis of Li and Cl added Bi-2212 
superconductors 
Masaki Noroa, Hiroya Andoha, Hideaki Murotania,  
Touko Sugiuraa, Takehiko Tsukamotoa* 
aToyota National College of Technology, 2-1, Eisei-cho, Toyota 471-8525, Japan 
 
Abstract 
Low temperature synthesis of Bi2Sr2CaCu2Oy (Bi-2212) bulk superconductors has been achieved by the addition of lithium (Li) and 
chlorine (Cl). The samples were prepared by a solid-state reaction method. The samples with nominal composition 
Bi2.12Sr1.90Ca1.02Cu1.96LixClxOy (0  x  0.3) were heated in air at temperatures ranged from 700 to 780°C. The lithium perchlorate 
(LiClO4) addition (x0.05) promotes the formation of the Bi-2212 phase in low temperature synthesis. The Bi-2212 sample 
(Tc=78K) was obtained for x=0.15 by heating even at 720°C,  which is about 100°C lower than that of the non-doped 2212 phase. 
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1. Introduction 
The addition of different compounds to the superconducting materials has been extensively studied in the last 20 
years. The Bi2Sr2CaCu2Oy (Bi-2212) superconductor has been recognized to be one of the most stable compounds 
among the high-Tc superconductors. It has been revealed that Li additions to the Bi-2212 superconductor lower the 
ideal sintering temperatures [1-3]. Mihalache et al. [4] reported that the amount of LiCl in Bi-2223 phase changes the 
superconducting properties. To our knowledge, details of a formation process and the superconducting properties are 
not so clear in both Li and Cl added Bi-2212 phase. In this paper, we report the effect of Li and Cl additions on the 
critical temperature of Bi-2212 bulk sample heated in low temperatures, in comparison with that of non-doped sample. 
2. Experimental 
All the samples were prepared by a conventional solid-state reaction. Raw materials of SrCO3, CaCO3 and CuO 
were mixed at nominal compositions of Bi2.12Sr1.90Ca1.02Cu1.96LixOy (0  x  0.3) and calcined at 950°C for 20h in air 
[5]. In case of using Li2CO3, it was mixed before calcining. After grinding, the calcined powder was mixed with Bi2O3, 
Li and Cl oxide compounds, excluding Li2CO3. The mixtures were pelletized and heated at temperatures between 700 
and 780°C for 100 h in air. Finally, the samples were mostly annealed at 700°C for 20h and rapidly quenched in liquid 
nitrogen, to ensure optimum value of the oxygen concentration. All the products were examined at room temperature 
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by powder X-ray diffraction using Cu-KĮ radiation. The electrical resistance R was measured by a standard DC four-
probe method at temperatures between 50 and 290K. The magnetic characteristic was estimated for powder samples 
using a VSM in an external field of 0.02T. 
3. Results and discussion 
3.1. Effect of Li-doping and annealing 
A comparison of the R-T behavior of Li2CO3 and LiClO4 added samples (x=0.2) with non-added sample is shown in 
Fig. 1 (a). All samples were heated at 780°C, and not annealed (as-grown). The resistance variation is found to be 
metallic from room temperature up to transition. The value of Tc(R=0) is 67.5K for LiClO4 added sample. On the other 
hand, zero resistance is not observed above 50K for Li2CO3 added and non-added samples. Therefore, the addition of 
LiClO4 is effective for the enhancement of superconducting properties of Bi-2212 samples heated at low temperature. 
These results mean that the phase formation temperature of Bi-2212 phase decreased with both Li and Cl additions. 
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Fig. 1. Temperature dependence of the normalized resistance R(T)/R(290K) :  (a) for Li2CO3 added sample(x=0.2), LiClO4 added sample(x=0.2) and 
non-added sample heated at 780°C; (b) for the annealed and as-grown LiClO4 added samples  (x=0.2) heated at 780°C. 
Temperature dependence of resistance for the annealed and as-grown LiClO4 added samples (x=0.2) heated at 
780°C is shown in Fig. 1(b). The annealed sample shows the critical temperature 79.5K which is 12K higher than that 
of as-grown sample. This result means that post-annealing at 700°C is an important process for an improvement of the 
R-T characteristics [5]. The following data are the values for annealed samples. 
3.2. Optimum doping amount of LiClO4 
The Li composition dependence of the critical temperature Tc(R=0) is shown in Fig. 2. As can be seen, the addition 
of a proper amount of LiClO4 enhances the superconducting properties. The value of Tc is increasing in the LiClO4 
added sample for low level doping and reaches a maximum around x=0.15. Then, the Tc value is decreasing when the 
LiClO4 content is further increasing for higher doping level.  
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Fig. 2. The value of Tc versus the nominal Li composition for LiClO4 added samples heated at 780°C. 
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3.3. Comparison between several additives (LiClO4, Li2CO3, Li2O and chloride) 
The samples with nominal composition Bi2.12Sr1.90Ca1.02Cu1.96LixClxOy (x = 0.15) added various Li and Cl 
compounds were heated at 780°C. The Tc of them is shown in Table.1. The Tc is observed at 76 K for the sample 
which was admixed to lithium carbonate (Li2CO3) and bismuth oxychloride (BiOCl), and 74 K for the sample added 
lithium oxide (Li2O) and BiOCl. The maximum Tc was observed for the sample with LiClO4 addition, and the value is 
80.5K. These results suggest that the samples added Li2CO3 and Li2O as Li compound have lower Tc compared with 
the sample added LiClO4. 
Table 1. The value of Tc versus various  raw materials (Sintering temperature Ts : 780°C) 
Li Compound Li2CO3 Li2O LiClO4 
Cl Compound BiCl3 BiOCl CaCl2 SrCl2 BiOCl LiClO4 
Tc[K] 74.5  76.0  72.0  71.0  74.0  80.5  
3.4.  Lowermost sintering temperature Ts 
A comparison of X-ray diffraction patterns of LiClO4 added sample (x = 0.15) heated at 720°C and reference 
sample (non-added sample heated at 860°C) is shown in Fig. 3. It is confirmed that Bi-2212 phase forms at 720°C 
though it has poor crystallinity. The main X-ray diffraction peaks of the Li-added sample heated at 720°C can be 
indexed in accordance with the Bi-2212 structure with lattice parameters a=5.31 Å, b=5.41Å and c=31.2Å.  
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Fig. 3. X-ray diffraction patterns of LiClO4 added sample (x = 0.15) heated at 720°C and non-added sample heated at 860°C. 
Table.2 shows the values of Tc for LiClO4 added samples (x = 0.15) heated at temperatures ranged from 720 to 
780°C. No superconducting transition has been obtained for the sample heated at 700°C.Temperature dependence of 
electrical resistance and magnetic susceptibility Ȥ of the sample heated at 720°C is shown in Fig. 4. The susceptibility 
decreases drastically below 92K. The resistance curve of the sample, which is mostly single phase, drops to zero at 
78K following a descending deviation from the line below 93K. 
Table 2. The value of Tc versus the sintering temperature Ts (LiClO4 content: 0.15) 
Ts[°C] 780 760 740 720 
Tc[K] 80.5 79.0 79.0 78.0 
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Fig. 4. Temperature dependence of electrical resistance and magnetic susceptivility of LiClO4 added sample (x = 0.15) heated at 720°C. 
 
4. Conclusion 
The superconducting properties of Bi2.12Sr1.90Ca1.02Cu1.96LixClxOy compounds heated at low temperatures have been 
investigated by measurement of electrical resistance and X-ray diffraction. The critical temperature (Tc) of the Li and 
Cl added samples (x=0.1 to 0.3) heated at 780°C is about 74K, but no transition has been obtained for non-added 
samples at the same sintering temperature. The lithium perchlorate (LiClO4) addition (x㻠0.05) promotes the formation 
of the  Bi-2212 phase in low temperature synthesis. The XRD pattern of LiClO4 added sample (x=0.15) heated at 
720°C shows the predominance of the Bi-2212 phase. The zero resistance of the sample is observed at 78.0K. We 
have succeeded more than 100°C lower the sintering temperature of the Bi-2212 bulk superconductor. 
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